A method is described which promises the rapid interruption of large electric currents in verv short times. The method is based upon the electrostatic interruption of a Brilloin flow in ultrahigh vacuum. The method may turn out to be very im portant for inductive energy storage devices.
The search for a switch which can interrupt large electric currents in very short times is recognized of great importance for inductive energy storage de vices. We will describe here a switching technique which promises to interrupt currents of ~ 105 Am pere in the time of ~ nanoseconds. The proposed device is intended for discharging the energy stored in a low inductance few turn cryogenic coil. It does not apply to superconducting coils, which inherently have long charging and discharging times.
The principle of the idea is explained in Fig. 1 showing a cylindrical vacuum tube in a cross section along its axis. The tube is located inside a magnetic field coil producing a strong axial magnetic field. The tube has a field em ission cathode and a col lector anode. Around the center of the tube is an auxiliary ring electrode, which is brought against the field em ission cathode onto a large positive po tential of several m illion volts. This can be done, for example, by connecting the ring electrode with a TRIGGERED SPARK GAP SWITCH Fig. 1 The condition (1) for confined space charge flow (Brillouin flow) is necessary but not sufficient and has to be supplemented by a number of other re straints.
First, condition ( 1) does not include the self electric and self-magnetic field of the beam current in the tube. But since the electrons attain relativistic energies in most parts of the tube along their tra jectory, except near the cathode and collector anode, the azimuthal beam magnetic field H is almost completely compensated by the radial beam electric field E B. Therefore, in all practical cases the exter nally applied axial magnetic field can be made suf ficiently strong to over-compensate the repulsive forces of the beam self-electric field over the selfmagnetic field. Since the electron energies near the emitter and collector electrodes are small, the exter nally applied magnetic field near the electrodes is not assisted by the self-magnetic beam field. To com pensate the self-electric beam field one is therefore on the safe side if one simply requests that the ex ternally applied magnetic field must be everywhere sufficiently strong to over-compensate both the radial electric field component resulting from the high volt age externally applied to the ring electrode and the radially oriented self-electric field of the beam.
Second, in order to avoid the diocotron instability the centrifugal force on the electrons resulting from the E x H drift velocity must be small to the Lorentz force.
Third, for a space charge flow to be possible the axial electric field component of the externally ap plied electric field has to be strong enough to com pensate the axial component of the space charge field resulting from the electron current.
We will now quantitatively formulate all the addi tional conditions as listed.
1) The radial self-electric field ErB of the current having a radius r < / ? is given by (in electrostatic c. g. s. units)
where n is the electron number density in the beam current. Since the electron current obeys the relation (v electron drift velocity) I = -ti t 2 n e v (7) one has from (6 ) and ( 
is the azimuthal electron drift velocity and where it was already assumed that Er Hz . Inequality (16) represents the second condition for magnetic insu lation 1> 2.
From Equation ( From these values it thus follows that a magnetic field of Hz > 104 gauss would suffice. Such a field can be produced without any difficulty.
